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(54) Method for refining easily polymerizable matter-containing substance and apparatus 
therefor 



(57) A method for refining an easily polymerizable 
matter while preventing an easily polymerizable matter- 
containing substance from being polymerized and an 
apparatus for use in the method are disclosed. The 
method and apparatus for refining and separating the 
easily polymerizable matter-containing substance by 
the use of a distillation column provided with a heat 
exchanger set the linear velocity of a vapor in a connect- 
ing line intervening between the distillation column and 
the heat exchanger at a level of not less than 5.m per 
second and the retention time of the vapor at a level of 
not more than 3 seconds. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 



Description of the Related Art: 

rs is*SL. ^" "^"^^ impurities-containing (meth)acry,ic add has been heretofore refined 

iSLnnln « condenser and a re-boiler, the condenser is connected to the top of the distil- 

latran column via a (inter)connecting line and the re-boiler is positioned near the lower oart of tfTe diiiLZ,^^? 

TrL r H^.?^. rf thereof is returned to the distillation column and the res^ theTeofl re^v 

containing (meth)acry,ic acid will be returned via the connecting line to the distillation Slu^ ^ 

mXa?* r"":rT" "yl'^quinone or phenollLi™ Llr?S^^S^ 5 



plished. 

SUMMARY OF THE INVENTION 



S such^s SlT^ic^^^^^^^ *° ''ri! ^ T'"^ ^" ^^"y polymerizable matter-containing sub- 
^Jr^nn ^fi i ^ (meth)acryl.c ester, which attains the refinement effidently by effidentiv ore- 

iSSl rT ""J^^^^^*"^'^ polymerizing in a vapor phase part of a connecting line imerpied t^eS^eS a 
d«on column and a heat exchanger, and an apparatus to be used therefor 'nxerposed between a 

45 ^cS Lnfr^J^^, ^'T"^ ^^""^ P"'^"^ ^ ^^"'^y ^"^ consequently found that in the distillation of (meth)acrvlic 

SSlTr^ tLhVr?^^'''' ""^'"^ ""'^'"^ polymerizing by cauLng TSal 

them f ,?m^o H 1^^^^^ *? ^"^"""^ ''^ by brancfing a vapor line interlTnnSng 

them from tt,e direct shell part of the distillation column or setting a condenser directly on the top of thj dSTaTon^? 

.re^L^rbe^rc^it^^ — - - pi^^.r.rr™^ 

in°I«L,„ n^r^^'^^'S;- ^''""'^"^ *° ^^^'^ °' ^^'^ '"^e"*'"" » provide a method for refining and separatina 

Thich Ifh^'^^'L ^ matter-containing substance by using a distillation column furnished with a heat Snger 
which method IS Characterized by setting the linear velocity of the vapor in a connecting line interconneSn^he d"^^^^ 

;srn°n':^;-ra:rr^^^^^^^^^ 

tiS c^Lmn ' ' '^'^ ^"^ ^^'"9 on the top of Se dis 
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[001 2] Then, according to the third aspect of this invention, it can provide an apparatus for refining an easily polym- 
erizable matter-containing substance by using a distillation column furnished with a heat exchanger, which apparatus 
is characterized by using a re-boiler as the heat exchanger and the re-boiler being disposed directiy 'inside the distilla- 
tion column in the lower part thereof wherein a vapor guide provided above the heating tubes for the re-boiler is opened 

5 into the vapor phase part of the column and a down-take is furnished outside the heating tubes. 

[001 3] As described above, this invention, in refining and separating an easily polymerizable matter-containing sub- 
stance by using a distillation column furnished with a heat exchanger, is capable of effectively preventing the vapor of 
the easily polymerizable matter-containing substance from polymerizing by setting the linear velocity of the vapor in a 
(inter)connecting line interconnecting the distillation column and the heat exchanger at a level of not less than 5 m per 

10 second and the retention time of the vapor in the connecting line at a level of not more than 3 seconds. 

[0014] Further, by using the apparatus of this invention for refining an easily polymerizable matter-containing sub- 
stance, the vapor of the easily polymerizable matter-containing substance can be effectively prevented from polymeriz- 
ing. ^ ' 

[001 5] The above and other objects, features, and advantages of the present invention will become clear from the 
75 following description of the preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 
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Fig. 1 is an explanatory diagram illusti-ating one example of tiie distillation column that is furnished with heat 
exchangers and used in this invention; 

Fig. 2 is a sectional view illustrating one example of the distillation column in which a re-boiler is furnished inside 
the lower part thereof, a condenser furnished in the upper part thereof and used in this invention: 
Fig. 3 is a fragmentary sectional view of another embodiment of parts of FIGURE 2 showing a (inter)connecting line 
between the distillation column and the condenser; 

Fig. 4 is a fragmentary front view of another embodiment of parts of FIGURE 2 showing a liquid line between the 
distillation column and the condenser; 

Fig. 5 is a fragmentary front view of another embodiment of parts of FIGURE 2 showing a down-take; 

Fig. 6 is a sectional view illustrating one example of the distillation column that is furnished with a condenser 

directly in the top part of the distillation column, with a re-boiler in the lower part thereof and used In this invention- 

and 

Fig. 7 is a fragmentary sectional view of another embodiment of parts of FIGURE 6 showing a (inter) connecting line 
between the distillation column and the re-boiler. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0017] The easily polymerizable matter for use in this invention has no particular restriction but is only required to 
be a matter which easily polymerizes. Polymerizable vinyl compounds may be cited as examples. The term "polymer- 
izing vinyl compounds" as used herein may include (meth)acrolein; (meth)acrylic add; hydroxyethyl (meth)acrylate 
hydroxypropyl (meth)acrylate. glycidyl (meth)acrylate. methyl (meth)acrylate. and butyl (meth)acrylate. ethyl (meth)acr- 
ylate, 2-ethylhexyl (meth)acrylate, N.N-dimethy! amino ethyl (meth)acrylate. and mixtures thereof. 
[0018] The term "easily polymerizable matter-containing substance" as used in tiiis invention refers to a mixture, 
preferably a mixed solution, which comprises the easily polymerizable matter mentioned above and a by-product pro- 
duced during the synthesis or formation of the easily polymerizable matter. In the case of acrylic acid or an acrylic ester, 
for example, this term refers to a solution of acrylic acid and an acrylic ester which contains by-products such as acetic 
acid, propionic acid, acrolein, maleic acid, water, and formalin which arise when the acrylic acid is obtained by the reac- 
tion of catalytic gas phase oxidation (JP-A-09-227.445 refers, for example). Then, in the case of methacrylic add and a 
methacrylic ester, for example, the term refers to a solution of methacrylic acid and a methacrylic ester which contains 
by-products such as methacrolein. acrylic acid, and acetic acid which occur when the methacrylic add is obtained by 
the reaction of catalytic gas phase oxidation (JP-B-03-24.459 refers, for example). 

[0019] The distillation column to be used in this invention is not particularly limited but capable of effecting distilla- 
tion of the easily polymerizable matter-containing substance. Examples of the distillation column may include mono- 
stage towers and multi-stage towers or columns such as a packed tower, a plate tower (tray tower), a wetting wall tower, 
and a spray tower. Among other types of distillation column mentioned above, the plate tower (multi-stage ti-ay column) 
proves particularly advantageous from the viewpoint of prevention of polymerization and tower efficiency. The condi- 
tions for the distillation are not particularly limited but are only required to fit the purpose of distilling the easily polymer- 
izable matter-containing substance. Properly, the column top temperature may be in the range of above 40°C from the 
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10 heat exchanger has a construction such that a bundle of a muttiplicity of slender heat transfer tXs sm^ ^. . 

. ftefbrthepurposeofenab.ingth?sh:^;;?,S^^^^^^^ 

the efficiency of heat transfer, and retaining the heat transfer tu^s iSCSST T^^^^^^^^^^ 
IS IS a vertical posture and passes the orocess fitiiri inciHo fho ♦..k^^ Mu^raon r ne neat exchanger of the type that 

10022] The ..near velocity contemplated by this invention is determined according to the folloJng iJ^S 

Unear velocity (m/s) = flow of the vapor (kg/fe) / (vapor density (kg/m x area of the connecting line (m 
C0023] The retention time contemplated by this inyenfion is determined according to the following formula: 



Retentioh'time = G /(H x I) 



45 



50 
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S 01 ^"*°'"'>^ is*pos«J «,ec.,i,»lcle<heeoi»nnby™ansof<lan9esln«,elowe,par,.he,eofiscom. 
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a (oose lid disposed on or above the vapor vent, and 

drS^S^."^*^^ ^ "^""^^ ""^^"^ """"^ *° "PP«^ of the cylin- 

[0026] In addition, in order to heighten the effect of preventing polymerization as another method it is preferable that 
the inner diameter, agamstthe flow direction of the vapor, of the connecting line, from the column to tkeLbe^iTS 
tt^e heat exchanger, to substantially coincide with that of the heat exchanger' shell in the view point of good dl^Son 
^'apor and preventing the channeling thereof. In this sentence, the term "substantially means thlXvS^^J o^ 
vapor based on the difference of the sectional areas does not affect the prevention of polymerization (5 wui^Sfe 
m^^^ " ^"^^"^ °* ^f'e linear velocity of the vapor and the retention time 

[0027] Now, this invention will be described below with reference to the drawings 

i ^ ^ °* ^ distillation column equipped with a condenser and a re-boiler The condenser is 

supported as connected to the upper part of the straight shell of the distillation column so as to decneaS the^or 
phase volume Of the connecting line and shorten the retention time of the substance under treatment Tn^ c^nneX 
line. The re-bo.ler is supported as connected to the lower part of the straight shell so as to decreLe the vS^r Se 
volume Of the connecting line. Here, a vertical heat exchanger may be used as the condense, TJe Jca he^^ci^an^e^ 
as the re-boiler and a plate tower as the distillation column as popularly accepted. With reference to Fig l^e vapo 

o^Si oTiTc^f "'"T"""^ '"l^ '° ^"^^ by ----'"9 the distance te^eeX 

fnH ? H K ? r T"" °' ^ ^- ^^'^ P"^P°^^' t^^« connec?ng line 9 to the coienfe^ 

u^f -Syounh S '^2"'"" ' ^ ^"PP°^ ^^^"'"9 condenser to the distillation co^- 

faTo^? ? connecting member or (inter)connecting line is not particularly limited on account of shapeTsS^h 
factors as radius of curvature, angle of bend, and angle of diversion), it is preferred to shorten the distance of innel 

terde^ria'i-r?^^^^^^^^^ 

the condenser with a 90 (miter)bend/elbow joint or a short pipe/reducer. The connection of the connecting line to the 

■ I ^"^^^ ^" polymerizable matter-containing substance F such as (meth)acryHc 

thelen^'S '"^"^ " r "''''"f *° ^^''^'^'^^ ^ *° ^'^^''^^i^" °t (nieth)acrylic acid tS lince 

rsuLTSe^J^eriz^^^^^^ toth^condenserSis smaller than heretofore 

nn^a^^^r ^ , °^ ^^^"^ polymerizable matter such as (meth)acrylic acid in the connecting 

han 5 m per second and the retention time of the vapor therein be not more than 3 seconds The liquid as of S 

SnTerTis h/^t:'''' 'fi! ^ "'""^ " ^^^^ °^ ^ coolilg' ^d inl^e c^n 

denser 5 is handled as a reflux liquid R or a distillate D. s m" « ■ uie con 

£0029] A re-boiler 7 is disposed in the lower lateral part of the distillation column 1 using a (inter)connectina line 6 
The vapor phase volume of the connecting line 6 is decreased to the fullest possible extent by LiSgS dl^an.^ 
between theoutlet of the re-boiler 7 and the inlet of the distillation column 1 . For this purpose. thToSSe ^ tSS 

teninX'll^^ T^' °' ' ' omfe illustrating a support fo^as- 

S on T K ^ T^IT" "^""^^ connecting member or connecting line is not paS^ Z- 

TJL^h . T (""'^^.^^'^^"^ ^= °f '^"^a*"^^- ^S'e of bend, and angle of diversion). rtTs prefmedTo 
shorten the distance of connection with a view to heightening the effect of connection. To be specific is proper toTon 
nect the distillation column and the re-boiler with a 90» (miter) bend/elbow ioint or a short pipeJeSuce ^heE of ^e 

T^^I^ZT l "^"'r <r'^r^" P^^ °' column IftS hrough 

Ton^nn ^ ^ T 2 and enters the re-boiler 7. The vapor from the liquid re-boiled in the re-boiler 7 passes through tSe 

i^T^Z^ ^"'^Z'''^ ^'^'^ °* ^- connecting line 6. the polymerira 

retention tSn" T'"'^ °' ^"l'^ ""^^^ ^^"^"^ "^^'^ ^«P°^ t^^^" 5 m pe secondTnd the 

retention time thereof is not more than 3 seconds. Then, the bottom stream from the re-boiler 7 is discharged via the 

SsTS^^v'arof J"' ""Til°" °' ""^ '° - *° re-boJrcan'b^a Lm^ 

pushed by any of the known methods such as welding or bolt-and-nut fastening through flanges. Generally the distilla- 

rnn,m "."'"o ""PP°^^ ^"^ °' "^"^ « structure (not shov^^J 

SnrtencarSfH '^^,^®?°"a' ^^T' "'"^'a**"9 ^ distillation column furnished with a condenser and a re-boiler both 
condenser and re-boiler having a plurality of tubes therein. The condenser is supported as connected to the uDoer oart 

MH °' *° ''^"^^^ ^^P°^ P^=« volume "the connectin^lSe a^l sSen'Se 

retention time of the matter under treatment, and a naUiral circulation type re-boiler is further disposed dirertly !n tt^e 

T^""' °' ^'^ ^"^^"s^^ the distillation column arrno^^JarTc 

ularlylimited but allowed to use well-knowndevicessuchasavertical heat exchanger andaplatetower.l^^^^^^^^^ 
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hte members or parts found in Fig. 1 will be represented by like reference numerals. With reference to Fig. 2 the vaoor 
I f connecting line 9 is decreased to the fullest possible extent by minimizing the distance fro^e 
SLi an?tu2^2r \% ^'l'""* °' ""^^""^^ connecting line 9 to the conS^nfer 

^n^T^^^^ I'^'K^^- ''o '""^ *°P °^ column 1 and sup- 

SSbn c^rfum? -^^^^^^^^ ^ A' "'"t ^ *° ''^ ^"PP°rt*"9 condenser to the dis- 

ftMartion aHumn). Though the connecting member .s not particularly limited on account of shape (such factors as radius 

S^kI H/T*!. i ° ''t =P«'^''"=- « P^°P«^ to connect the distillation column and the condenser a 9^ 
frnrter)bend/elbow ,omt ora short pipe/reducer. The connection of the connecting line to the distillation column or to fte 
condenser can be attained by any of known methods such as welding or bolt-and-but fastening through flanges T^e 
eas y polymenzable rnatter-contalning substance F such as (meth)acrylic add containing impurities fe supSS to *e 
d.st lation column 1 and subjected therein to distillation of (meth)acrylic acid. The polyrSeriStion^ the Sp^ of ll 
easj^, polynr.er.zable matter such as (meth)acryiic acid in the connecting line 9 can be aliped because ll Sh 2 Te 
connecting hne 9 from the top of the distillation column 1 to the condenser 5 is shorter than heretofore u^^a^^M 

tion time thereof not more than 3 seconds. The liquid as of (meth)acrylic acid cooled indirectly wiS?a iZ^ cS am 
such as water or cooling liquid tn the condenser 5 is handled as a reflux liquid R or a distillate D 

Sn l.n,..J[rV^''?'f *^ '^"^'^^ °' °' distillation column 1. Then the distil- 

lation column IS a p^ate column, rt .s fated to be positioned below the lowest stage in the plate column The re bSer 
mentioned above which is directly disposed in the lower part of the distillation column 1 is preferred to be com^s«^ o 

fj T^' ^""^ P^"^ ^ P'"^^'"y °^ ^^^^ transfer tubes or heating tubes 11 disposed 

S^r^'l "'''w' °' « ^"^ respectively therein wi^ a verti ly piS 

^?h^ m^n^ rH^."T' ^ '"^ '® "^'^^ °" °^ ^^P°^ ^^"^ 1 7- a down-take 13 ^sed in 

?nft?t>t ^."^^ ^^^""^ '"^^ *° "PP«^ '°^er parts of the cylindrical vessel 8 • 

iuDoHed to^l ^£m^f '""T^'^. matter-containing substance F such as (meth)acrylic acid containing impurities is 
supplied to the distillation column 1 and subjected therein to distillation of (meth)acrylic acid. The liquid containina 
h.t^^H r^''°**°'" ' «"PP««^ to tf-^ heating tube 1 1 of the?elTerHe"e 

dln^t^Sj^r^ ° H '"'"'^.^"'^^^ P°=«'°"^ ^t,ove the upper re-boiler tube sheet of the re-boiler t^ro^gh tS 

aZno thJ!.nor h' To °* '"^'"^ ^ " to natural circulation. By 

allowing the vapor guide 12 to open into the vapor phase part of the distillation column, it is possible not only to shorted 

^S^SZ'T ^ '° '"'^ polymerization within the tube but also to increase'the amount of t'he Cid to 
orXl n^? '^TT '"^^ °' P^^"^"^ P^^*'^' °* temperature of (meth)acrylic acid and 

Z^ T.^ 'T"'T1°' P°'y"^e^'^3ble matter. The vapor formed by tine boiling ascends, passes through t^e 
hS3lVi i' T H ^ '^f """"" ' ■ ^"^ ^"'^'^"'^ treatment of distillation. The outS of Z 

! ^^"^'^"^ constitutes itself the phase of a vapor-liquid mixture. By providing the loose Hd 

i,^ t^fHT r"*^ "! '° ^'^^"^ "^"'^ '^-^ column from dire^ly entering the hea^ 

LTof thT? ^ °' T^'f ^""'^"^^^ *° P^^^^^e of the liquid hold-up on the upper suLe of ^e heating 
tube 1 of the re-bo.ler. The heating for tfie boiling mentioned above is effected by introducing a heat medium such as 

?5 -^^In °r ho« "'r"*'"" T '^^'"•^ ^'^^^^S- °* '-^ through ^oiS 

l^io^ilumn ??nH"; ^ir"" " '"'f ^'^"^ ^" ^'■"'^^ *"^P°=«^ <=*'>ectly In the distil- 

hlatin^lLbTi nf 1 r r^'l' f ''^'"'"^ ^^P°^ ^"''^^ ""^ to converge the vapor arising from the 

♦h. Itl!^^^ the re-bo.ler. the linear velodty of the vapor can be set at a level of not less than 5 m per second and • 
the retention time of ttie vapor at a level of not more than 3 seconds and the polymerization of the vapor of ^e ea^ly 
SdZ?r "^"^^ r beti^teen the re-boiler and the distillation column 1 be aH^yS L 

as vSr; ltd ^° " ^ ^ P'"^^"^ ^'"^ '^'^^^"^^ 21 an inlet of a coolam a.ch 

as water, and reference numeral 22 an outlet thereof. 

cSn w sectional view of another embodiment of the connecting line between the distillation 

H^m^- ? «°"denser in Rg. 2. In Fig. 3. a (inter)connecfing line 39 such as a miter bend is equipped between the 

rnnrtlfJr^^? f "^''^^^^ °' Connecting line 39 is substantially identical to that of shell of the 

Znn th ! """" *° '"''^ 3^ °^ condenser 35 in the view point of increasing good distri- 

bution of the vapor and preventing the channeling thereof, aauwjaisiri 

J„' «^ fragmentary front view of another embodiment of pipes between the condenser 45 and the R 

t^:nfr:':Z:^ZT"''' " ^ '""^ '° " ^""'^ '"^^^ °' 

[0035] Rg. 5 is a fragmentary front view of another embodiment of the down-take in Fig. 2. In Fig. 5. another 
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!!?^^T3;°*f ^ ^ ^"T^^ ^ « 58. Which has an inlet 54 

and outlet 55. of a heat medium, and the pipe 52 by means of bolt-and-nut fastening through flanges 

J2^rt""^'^^^ f^'y'"^"^^*"'" °^ *e easily polymerizable matter-containing substance 

such as (meth)acrylicaad in the connecting line can be effectively prevented "»«"»-e 
S!^?n of .ho H-^i^ ^ sectional view of a distillation column such in construction that a condenser is directly disposed in 

. . , Cl ! ^ '""'^''^ °* ^^'^^ condenser and the distillation column are not partic- 

ularly hmrted but may use well-known devices such as a vertical heat exchanger and a plate column The conn^cS^n of 

ro tenmg through flanges. In the present diagram, like members or parts found in Rg 1 are reoreserted bv likerpfT™ 
T^t-!^"^ T'T-S "^^ "^'"''^ shell-and-tube heat exchanger 5 is dir^S^os^t^SeSp i^^^^^^ 
the distllafon column 1 . The easily polymerizable matter-containing substance F such as (meSi)acrylic acid co^talnlno 

iTn ^S! m *° f f ' ^"''^^^^^ *° °' (meth)acryiic aci t thTdS 

,5 ItTr °' ^^""^ polymerizable matter such as (meth)acrylic acid enters the condenser 5 

Polymenzable matter that has entered into the condenser 5 is condensed as indirectly wolSl wiTa 
well-known coolant such as water or a cooling liquid. The liquid resulting from the condensation is rSfvS^nl 4 

f Xr^r^ '^'^ • ^^^^^^^^ ^ "^-^ « - distiLSn cotmn '^d 

furmer processed as occasion demands (D). A plate with a plurality of fine holes may be provided betweeX pa^4 

Tr, TrZT?^^' ' K "•^"'■d '^''"densed to directly enter the column 1 through thTopen^^g ^^^.e 

Sn^ tiL'S? '^l^^'^^^.^'^'^S '""er walls but provided in order to only cover the opening of the^Sn 4 
ZT^TaZT^Z i^TX "'^"^ ' °' ' linear veloc?y of the v^or 

ItilT^ . . r T ♦^'^^ « °^ '"o^e than 3 second as requJed 

r^mrn^r ^e^ yi^Ll^^^^^^^ ^ the diSllatS 

innT. _^"^^J«^-*^^'.fboiler 7 is disposed in the lower 1^^^^ 1 using a (inter)connect- 

Z^^ n? particularly limited but may use any of the devices well known to the art. The v^r 

Si n J2 OH J T"^'^"^ ""^ ^ ''^'^^^ *° P°«''"« by minimizing the distance bt3 

the ou«et of the re-boiler 7 and the inlet of the distillation column 1 . For this purpose, the outlet of the re-boiter iT^n- 
nert«l to the straight shell near the bottom of the distillation column 1 (Fig's omits illustrating a Ipport^^ Jirg 

shape (such factors as radius of curvature, angle of bend, and angle of diversion), it is preferred to shorten the distance 

tl^LTn^lTlr Tni k'^S^^^^^^^^^ ^° P™P«^ »° dlstillatioTclmtTand 

tSaten 2h m 1 . ^2 °' ^ pipe/reducer The connection of the connecting line 6 to the dis 

TnulT Z ^ ''^ ^''^^^ ""'^^ well-known methods as welding or bolt-and-nut fastening 

^^nr ''"^ ^^""^ polymerizable matter such as (meth)acrylic acid In the bottom part S Se dS 

boiHnnTnro" Tf'^ 1'' '""""'^"^ ""^ ^ ^"^ ^""^"^ ^^''^''^^ ^- vapor Of the liquW formeJbyfe- 
™,S n? ; „ ' ""^^^^ ^'^^ P^rt of the distillation column 

1. In the connecbng line 6. the polymerization of the vapor is prevented or allayed because the linear velodtv of the 

hiS rX^In.*^ ^ o?^ '^^^'^"''^ ^" °' ^ ^e*«^e"ce numeral 15 an outlet 

rao«?' P T- ^" °^ ^ ^'^^^ ^^«^^"ce """leral 22 an outlet thereof 

.Ton L. L'l^ fragmentary sectional view of another embodiment of a (inter)connecting line between the distil- 

h! dltlT ^1 ' " " ('"««^)c°n"ecting line 76 such as a miter bend is equipped betwSn 

n.^ SenJTnT T J, '° ^"^ ^" ^ -«<^-- by means S^bollTd 

the ^iolr^^ .H ^^r -f ""^^'^ °' ^°""«cting line 76 is substantially identical to that of shell of 

^onr r """" '° '"''^ ^« °* ^^-'"'■'^^ 77 ^^'e '''^ POW o* 9ood distribution of the 

vapor and preventing the channeling thereof. """"" oi me 

[0040] The polymerization of the easily polymerizable matter-containing substance such as (metWacrvlic acid in 

If^frnZrC' ""vT ""'''""'^ ^= '''^''^ ^'^-^ ^ as abc^rt^e pXme^^^^^^ 

of (mefli)acrylic acid ester can be effectively prevented. Hoiymenzauon 

a r'f boiler I^^n^^^ ""'^^^^ °' "PP«^ P^^ of a distillation column and 

a re-boNer d sposed .n the straight shell of the lower part inside the distillation column, the case of having a condenser 

S St-Ji ^'T' "^'IT' ""^^ °' ^ ^"^ ^ ^^'^""-^ '^'^^^^ directly in'the lower Jr^ 

rl ?oite tllTJ^^^^^ T '1' "^"^ °' '^"""9 ^ """'^""""^ '^'^P"^^ '^'^^'^y °* a distilJon column aiSa 

re-boiler disposed in the straight shell of the lower part of the distillation column have been illustrated This invertion 

tr";^lSSln *° ^''^ ^^-'""^'^ -"^y ^i*^- ^gly^; antSi- 
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[0042] By the construction described above, it is possible to reduce the distance of passage of the vapor between 
the distillation column and the heat exchanger substantially to zero or to set the linear velodty of the vapor in the con- 
necting line intervening between the distillation column and the heat exchanger at a level of not less than 5 m per sec- 
ond and the retention time thereof at a level of not more than 3 seconds. Thus, even when the distillation of a liquid 
5 mixture containing acrylic add, acetic acid, propionic acid, acrolein, maleic add and/or formalin is continued for a long 
time, virtually no sign of the adhesion of a polymer to the part of the connecting line exposed to the liquid mixture due 
to the effect of the retention time is recognized. 

EXAMPLES 

10 

[0043] Now, this invention will be described more specifically below with reference to examples. However, this 
invention is not limited by the following examples. 

EXAMPLE 1 

75 

[0044] Acrylic acid was refined by the use of a distillation column measuring 1 1 00 mm in inside diameter and hav- 
ing 50 sieve trays of stainless steel (SUS316) built therein. The distillation was performed continuously for one week by 
feeding a feed liquid composed of 98 wt. % of acrylic acid and 2 wt. % of acetic add under the conditions of 53.3 hPa- 
abs (40 mmHg) of column top pressure. 63**C of column top temperature, 120 hPa-abs (90 mmHg) of column bottom 

po pressure. 84*'C of column bottom temperature, and 7 of reflux ratio. (At the end of the continuous operation, the acrylic 
acid in the bottom had an assay of 99.95 %.) A condenser (vertical shell -and-tube heat exchanger) was connected to 
the distillation column by means of a vapor line and supported to the column by means of a structure (not shown) in the 
straight shell near the top of the distillation column and a flanged connecting pipe. In this case, the linear velocity of the 
vapor in the vapor line was 20 m/s and the retention time thereof was 0.1 second. (The retention time was determined 

25 by the formula mentioned above; Retention time = G /(H x 1) = 2.1 /(20 x 1 .1) = 0.1. ) The pressure loss between the 
top of the column to the condenser was constant during the course of distillation. Then the distillation column was 
opened and the interior thereof was visually inspected, the surfaces of tubes from the top of the column through the 
condenser showed no sign of adhesion of a polymer. 

[0045] Further, a re-boiler was connected to the distillation column by means of a vapor line and supported to the 
30 column by means of a structure (not shown) in the straight shell near the bottom part of the column and a flanged con- 
necting pipe. Here, the vapor line opened into the vapor phase part of the distillation column. In the vapor line, the linear 
velocity of the vapor was about 40 m/s and the retention time thereof was 0.1 second 
(G /(H x I) = 1.2 /(40 X 0.3) = 0.1 ). Then the column was opened and the Interior thereof was visually examined, the 
vapor line of the re-boiler showed no sign of adhesion of a polymer. 

35 

COMPARATIVE EXAMPLE 1 

[0046] The distillation was carried out by following the procedure of Example 1 while extracting the column top 
vapor through the top of the column and using the cpndenser mounted on a structure (retention time of the column top 
vapor 3.5 seconds) and the re-boiler set on a structure (retention time of the vapor 3.2 seconds). (These retention times 
. were determined by the formula mentioned above; Retention time in condenser = G /(H x I) = 77 /(20 x 1 , 1 ) = 3.5 and 
retention time in re-boiler = 38 /(40 x 0.3) = 3.2.). 

[0047] During the course of the distillation, the pressure loss from the column top through the condenser reached 
2 mmHg in one week Then the column was opened after the stop of the operation and the Interior thereof was visually 
45 examined, the occurrence of about 100 liters of polymer in the connecting pipe from the column top to the tube sheet 
of the condenser was confirmed. In the bottom of the column, no sign of rise of pressure loss was recognized. When 
the column was opened and the interior was visually examined, the occurrence of about 130 liters of polymer on the 
vapor line of the re-boiler was confirmed. 

50 EXAMPLE 2 

(Case of having a re-boiler disposed directly in the lower part inside a distillation column) 

[0048] Acrylic acid was refined by the use of a distillation column measuring 1400 mm in inside diameter and hav- 
55 ing 10 sieve trays of stainless steel built therein. The distillation was performed continuously for three weeks by feeding 
a feed liquid composed of 99% of acrylic acid and 1% of impurities including the dimer or acrylic add under the condi- 
tions of 46.7 hPa-abs (35 mmHg) of column top pressure. 63*»C of column top temperature, and 0.3 of reflux ratio. (At 
the end of the operation, the acrylic acid at the top thereof had an assay of above 99.95 %). 
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Srn..ht[!i?'^' ^ T'^' P^°^ded With a down-take outside the heating tubes and fur- 

ther furnished wrth a vapor gu.de open.ng .mo the vapor phase part of the column and disposed di 

SsTJ^^S"' '"""'"^ ^^"^ "° °* a S^SS; 

5 

EXAMPLE 3 

(Case of having a condenser directly disposed in the top of a distillation column) 

10 [OWO] The distillation was carried out by following the procedure of Example 1 while having a condenser disposed 
.n the top of a d.st.llatK)n column through flanges. The distillation was continued for two weeks (At^eeTd o thJ^pet 

ation. aery caad at the bottom thereof had an assayof 99.95%). Then the column was opened and t^^^ 
was visually examined, the top of the column and the condenser showed no sign of adhiion of a polynl^r 

IS EXAMPLE 4 

■ tJ*^^"'®^ ^'^'y^^^ refined by the use of a distillation column measuring 1200 mm in inside diameter 
and having 20 sieve trays of stainless steel built therein. aiameter 

20 I.f?!Lf, °" performed continuously for three weeks by feeding a feed liquid composed of 98 5 wt % 

1 mmS "^'^^""^ °* '"^""*y »«-n9 a high boiling point under the condZs of 26.7 hPa abs 

ih r H?K ^ " '^^"^ °^ temperature, and 0.4 of reflux ratio. A condenser (vertS 

r^N m "h f cf'anger) was connected to the distillation column by means of a vapor line and supporti to the 

2S ZSlt^\^Z Tn °^ °iT u" ^"^ ^ '"^"^"^ P'P^- '^-^^ tf^- "near velocity of Z 

ZTZ T ^ ^"'^ ^''^ ^""^ '"^^ 0 (The retention time was determined 

too of ^^n, = Q ^(^^ ^ ') = 0.39 /(22 X 0.2) = 0.09. ) The pressure los^betertS 

ooenL .nnt'^ .h'^^^^^ ^"""9 Then the distillation colur^n waS 

opened and the Hitenor thereof was visually inspected, the surfaces of tubes from the top of the column through t^e 
condenser showed no sign of adhesion of a polymer. «"umn inrougn tne 

H f "^^ connected to the distllation column by means of a vapor line and supported to the 

cokimn by means of a structure (not shown) in the straight shell near the bottom part of the column and XnSd con 

opened into the vapor phase part of the distillation column. In the vapor line, the linear velocity of the vapor ^raboi^ 
ss rlr^^ ''"'^ ° ^^'^"^ ^ ') = O -ll 1 ^ O-IS) = 0.06). Then t^e co^mn vis 

o^L and"ri^h«f ^^^'"^""^ parentheses, such as the methyl gmup in (meth) acrylic, acid are 

Optional and the heat-exchanger can be a boiler. r- v y j . *.uaic 

40 Claims V 

c^Z'^rZ^T!!l°liT'^''? ^" polymerizable matter-containing substance by the use of a distillation 
r » K exchanger, characterized by setting a linear velocity of the vapor in at least one con- 

sSnd Z '"'7^79 between the distillation column and the heat exchanger at a level of not less than 5 m per 
45 second and a retention time of the vapor in the connecting line at a level of not more tiian 3 seconds. 

2. A mettiod according to claim 1 , characterized in that the heat exchanger is a vertical shell-and-tijbe heat exchanoer 
and IS supported to the distillation column. excnanger 

'° ^' iTf according to claim 1 or claim 2. characterized in that the connecting line for the vapor connected to the 
heat exchanger is disposed to the straight shell part of tiie distillation column. ^^nneaea 

A metiiod according to any one of claims 1 - 3. characterized in that the heat exchanger comprises at least tiw 
Items of a condenser and a re-boiler. ^-ui'viaes ai leasi iwo 

A method according to any one of claims 1 - 4. characterized in that the heat exchanger is a condenser and is dis- 
posed directiy in the top part of the distillation column. saconaenserand.sd.s 
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6. A method acx»rding to any one of dainis 1 - 5. characterized in that the heat exchanger is a re-t>oiler and the re- 
boiler being disposed directly inside the distillation column in the lower part thereof wherein a vapor guide provided 
above the heating tubes for the re-boiler is opened into the vapor phase part of the column and a down-take is fur- 
nished outside the heating tubes. 

5 

7. A method according to daim 1 , characterized in that the inner diameter, contacting the flow of the vapor, of the con- 
necting line coincides to that of shell of the heat exchanger. 

8. A method according to any one of clams 1 - 7, characterized in that the easily polymerizable matter is (meth)acrylic 
10 add and/or a (meth}acrylic ester. 

9. An apparatus for refining an easily polymerizable matter-containing substance in a distillation column provided with 
a heat exchanger, characterized by the heat exchanger serving as a condenser and the condenser is disposed 
directly in the top part of the distillation column. 

15 

1 0. An apparatus for refining an easily polymerizable matter-containing substance in a distillation column provided with 
a heat exchanger, characterized by the heat exchanger serving as a re-boiler and the re-boiler being disposed 
directly inside the distillation column in the lower part thereof wherein a vapor guide provided above the heating 
tubes for the re-boiler is opened into the vapor phase part of the column and a down-take is furnished outside the 

20 heating tubes. 

11. A method of transfen-ing a vaporised easily polymerizable mateiral between first and second components in a 
processing facility characterised in that the vaporised material is transfen-ed at a velocity of at least 5ms" and 
transfer, preferably, takes no longer than 3s. 

25 

12. A method as claimed in any of claims 1-5, or an apparatus for refining an easily polymerizable material comprising 
a distillation column and a heat exchanger, characterised in ihat the heat exchanger is a re-boiler, or boiler, diposed 
inside a lower region of the distillation column. 

30 13. A method of refining an easily polymerizable material, characterised by being carried out in apparatus as claimed 
in any of daims 9. 10 and 12. 
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FIG. 3 
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